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FET-BASED GAS SENSOR 

PRIORITY INFORMATION 

This patent application claims priority from International 
patent application PCT/EP2005/004278 ?led Apr. 22, 2005 
and German patent application 10 2004 019 641.9 ?led Apr. 
22, 2004, Which are hereby incorporated by reference in their 
entirety. 

BACKGROUND INFORMATION 

Typically, a ?eld effect transistor (“FET”) gas sensor mea 
sures a change in a Work function betWeen a gas-sensitive 
material and a reference material. FIG. 6 is a schematic illus 
tration of such a PET gas sensor 10. A gateless transistor 12 is 
capacitively coupled, through an air gap 14, to a gas-sensitive 
layer 16. The air gap 14 is con?gured as a gas inlet a feW 
micrometers (um) Wide. The gas-sensitive layer 16 is adapted 
such that its surface potential changes upon contact With a gas 
Within the air gap 14, and thus controls the transistor 12. The 
Working temperatures of such a sensor are betWeen ambient 
temperature and 1500 C. 

FIG. 7 is a diagrammatic illustration of a typical suspended 
gate FET (“SGFET”) gas sensor. One example of such a 
SGFET gas sensor is disclosed in German Patent No. DE 
4239319 C2, Which is hereby incorporated by reference in its 
entirety. 

FIG. 8 is a diagrammatic illustration of a typical CCFET 
gas sensor 17. One example of such a CCFET gas sensor is 
disclosed in German Patent No. DE 4333875 C2, Which is 
hereby incorporated by reference in its entirety. Referring 
again to FIG. 8, an air gap 18 and a gas-sensitive layer 20 are 
separated from a readout FET structure 22. The readout FET 
22, Which includes a source contact 24 and a drain contact 26, 
is controlled by an uncontacted gate 28. The uncontacted gate 
98 and a gas-sensitive electrode 10 form a capacitor system. 

Disadvantageously, the aforesaid gas sensors frequently 
measure reactions from interfering gases (i.e., non-target 
gases) Within the air gap. “Undesired” signals from the inter 
fering gases may be superimposed on a “desired” signal from 
a reaction of a target gas. As a result, this superposition may 
distort measurements of the target gas. In addition, these 
interfering gases may decrease the signal level of the target 
gas. 

To increase accuracy of these FET gas sensors, several 
methods and systems have been developed to reduce the 
effects of interfering gases. For example, improvements may 
include (1) optimiZing sensitive materials, (2) compensating 
for the interfering gases using a reference sensor, and (3) 
using a ?lter to suppress effects of the interfering gases. 

First, sensitive materials in a PET gas sensor may be opti 
miZed. This may be accomplished by optimiZing gas-sensi 
tive materials and reference materials located on the transistor 
of the sensor to selectively reduce the in?uence of interfering 
gases. 

Second, interfering gases may be compensated for by using 
a reference sensor. For example, a second sensor (i.e., a ref 
erence coating) sensitive to a knoWn interfering gas may be 
used to compensate for the in?uential effects of the interfer 
ing gas on the measurement of the target gas. HoWever, simi 
lar to the ?rst sensor (i.e., the gas-sensitive material for the 
target gas), this second sensor may have a limited sensitivity. 
That is, the second sensor may also be affected by cross 
sensitivities. In addition, the second sensor may have a mini 
mal effect Where the level of the interfering signal exceeds the 
useful signal by a multiple. 
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2 
Third, a ?lter may be used to suppress interference from 

interfering gases even Where the interfering gases are perme 
able to a target gas. For example, an activated charcoal ?lter 
may remove an interfering gas. HoWever, use of such a ?lter 
may prove problematic during long term operations. For 
example, the interfering gas may break through the ?lter 
When the limited capacity of the ?lter has been reached. In 
another example, Where the sensor is operated at an elevated 
temperature, a catalytic ?lter may be used to transform an 
interfering gas, via a chemical reaction, into one or more 
non-interfering components (i.e., components that do not 
react With the gas-sensitive material to produce a signal). An 
example of a catalytic ?lter for decomposing alcohols is 
disclosed in German Patent No. DE 4310914, Which is hereby 
incorporated by reference in its entirety. Although these cata 
lytic ?lters may not exhibit the aforesaid ?lter capacity prob 
lems, they typically require temperatures above 3000 C. 
Therefore, sensors using catalytic ?lters may not include 
structural elements With silicon (Si) chips that typically have 
a maximum operating temperature of about approximately 
1500 C. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, a PET gas sensor 
is con?gured to measure/detect a target gas in a gas mixture. 
The FET gas sensor has a gas channel for diffusion of a gas to 
be measured to a gas-sensitive layer that is in active connec 
tion With a ?eld effect transistor for readout of a measurement 
signal, in Which an electrochemical element is at least par 
tially disposed Within the gas channel to at least one of elec 
trochemically convert interfering gases and activate a target 
gas, Where the interfering gases are permeable to the target 
gas. 

According to another aspect of the invention, an operating 
method is disclosed for the selective detection of a target gas 
in a gas mixture to be measured by a ?eld effect transistor With 
a gas-sensitive layer disposed on a carrier substrate, Wherein 
the gas mixture to be measured is prepared by an electro 
chemical element such that the measured gas mixture 
includes minimal amounts of interfering gases that interfere 
With the measurement of the target gas, and/or at least one 
target gas is activated such that it is detected by the gas 
sensitive layer. 
The disclosed FET gas sensors, in contrast to prior art FET 

gas sensors, includes a channel though Which gas ?oWs 
through to the detection area of the sensor. The sensor further 
includes a sensitive layer and an electrochemical element 
disposed in the channel and/ or an air gap. The electrochemi 
cal element is adapted to decompose interfering gases by 
selective electrochemical conversion and thereby alloW a tar 
get gas to pass through to a detection area. 

In some embodiments, the gas channel for feeding the 
measurement gas into the sensor is made by lengthening the 
air gap betWeen the channel insulation of the PET and the 
sensitive layer on a carrier substrate applied by hybrid tech 
nology. The electrochemical element includes at least tWo 
active electrodes to Which a voltage is applied, at least one of 
Which is in direct contact With the relevant measured gas 
mixture, and at least one of Which is in contact With an active 
ion conductor at a typical operating temperature of the FET. 

In other embodiments, the How of gas into the sensor is 
regulated such that the electrochemical ?lter may adequately 
convert interfering gases into gases that are no longer detect 
able in the active sensor area (i.e., non-interfering gases). 

In still other embodiments, When a proton conductor is 
used (e.g., a hydrogen ion conductor) in the electrochemical 
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?lter, both oxidiZable and reducible interfering gases may be 
degraded in a comparable manner. 

The disclosed FET gas sensor system has several advan 
tages over prior art FET gas sensors. For example, the selec 
tivity of a gas sensor system may be substantially increased 
by removing gases that lead to incorrect measurements (i.e., 
distort measurements of the target gas). In another example, 
in contrast to an ordinary ?lter (e.g., an activated charcoal 
?lter), an electrochemical ?lter Will not become consumed or 
saturated, Which may permit more stable long-term continu 
ous operation. Electrochemical ?lters are also typically 
smaller in structural shape than an ordinary ?lter. In still 
another example, in contrast to an ordinary ?lter, electro 
chemical ?lters are typically dynamic (i.e., they are not stati 
cally acting ?lters). For example, an electrochemical sensor 
may be self-monitored and self-calibrated via simple control 
of the dissociation voltage. 

These and other objects, features and advantages of the 
present invention Will become more apparent in light of the 
folloWing detailed description of preferred embodiments 
thereof, as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates one embodiment of an FET gas sensor 
system; 

FIG. 2 illustrates another embodiment of a PET gas sensor 
system similar to the sensor in FIG. 1; 

FIG. 3 illustrates another embodiment of a PET gas sensor 
system similar to the sensor in FIG. 1; 

FIG. 4 illustrates another embodiment of a PET gas sensor 
system Which combines the sensors in FIGS. 2 and 3; 

FIG. 5 illustrates one embodiment of the ?rst and second 
electrodes included in the sensor in FIG. 4; 

FIG. 6 is a schematic illustration of a prior art SGFET gas 

sensor; 
FIG. 7 is a diagrammatic illustration of a prior art SGFET 

gas sensor; and 
FIG. 8 is a diagrammatic illustration of a prior art CCFET 

gas sensor. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates one embodiment of an FET gas sensor 
system 100. The sensor 100 includes a carrier substrate 102, 
a chip 104 (e.g., a silicon chip), an electrochemical element/ 
structure 106, a gas channel 108 (also referred to as a “gas 
diffusion channel”), and a detection area 110. 

The carrier substrate 102 is constructed from any desired 
nonconductive material that alloWs, for example, only the 
preparation of the layers disposed on it. Suitable materials 
include, but are not limited to, ceramics (e. g., A1203, AlN, or 
Si3N4), glasses, or polymeric materials (e.g., conventional 
PCB materials like PR4 or the like). 

The gas channel 108 includes an air inlet 112. The air inlet 
112 is de?ned betWeen the silicon chip 104 and the electro 
chemical element 106 such that entry of gas (or a gas mixture) 
and its diffusion to a sensor area/gas gap 113 (i.e., the region 
betWeen the sensitive layer 120 and the transistor 122) is 
sharply limited. That is, the air inlet 112 thus the silicon chip 
104 and the electrochemical element 106 is con?gured such 
that a small quantity of gas (or gas mixture) Which enters the 
gas channel 108 may react With the electrochemical ?lter (i .e., 
the electrochemical element 106) and ?oWs toWards the sen 
sor area/ gas gap 113, Where the small quantity of gas includes 
a quantity of target gas su?icient for detection. 
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4 
The electrochemical element 106 includes an ion conduc 

tor 114, a ?rst active electrode 116, and a second active 

electrode 118. The ion conductor 114 is disposed betWeen 
and joins the ?rst and the second electrodes 116, 118 on the 

carrier substrate 102. The ?rst electrode 116 is con?gured 
outside of the gas channel 108. The second electrode 118 is 

con?gured in the gas channel 108. The ?rst and the second 

electrodes 116, 118 are further adapted such that, for 
example, the second electrode 118 selectively converts inter 
fering gas into one or more non-interfering components (e. g., 

a non-interfering gas), and the ?rst electrode 116 provides a 

charge (e.g., a compensation charge) in the ion conductor 
114, via a complementary reaction, that compensates for the 
conversion of the interfering gas into non-interfering compo 
nents. 

The ion conductor 114 is constructed from, for example, a 
material that conducts ions in a temperature range below 1 50° 
C. Examples of suitable materials include, but are not limited 
to, oxygen ion conductors (e. g., LaF3) and hydrogen ion 
conductors (e.g., hydrogen uranyl phosphate tetrahydrate 
(HUO2PO4.4H2O), NH4TaWO6, NAFION, aluminum sili 
cate+Na2O or Li2O or KZO; ion-conducting sodium com 
pounds such as Nasicon Nal+xZr2P3_xSixOl2, Na5YSi4Ol2; 
or ion-conducting lithium compounds such as lithium nitride, 
lithium titanium phosphate). 

The ?rst and the second electrodes 116, 118 are con 

structed from, at least on their surfaces, a stable and catalyti 
cally active metal. Suitable metals include, but are not limited 
to, metals in the platinum group and their alloys (e.g., Pt, Pd, 
Pt/Rh, or silver). 
The detection area 110 includes a sensitive layer 120 and a 

PET 122 (e. g., a CCFET or a SGFET). The sensitive layer 120 
is disposed on the carrier substrate 102. The FET 122 is 
disposed in the silicon chip 104. 

During operation of the sensor 100, gas or a mixture of gas 
?ows/diffuses into the gas channel 108 through the air inlet 
112. The mixture of gas is modi?ed via the electrochemical 
element 106 (i.e., Where an interfering gas is converted into 
one or more non-interfering components) such that a target 

gas that ?oWs into the gas gap 113 (i.e., the region betWeen the 
sensitive layer 120 and the FET 122) may be detected. 

In one embodiment, the mixture of gas is modi?ed via an 
oxidiZing action induced by, depending on the polarity of the 
applied direct current (“dc”) voltage “U dl-SS”, one of the ?rst 
and the second electrodes 116, 118 as the mixture ?oWs 
through the gas channel 108, Where the other electrode 118, 
116 induces a reducing action. For example, Where the second 
electrode 118 is con?gured as the oxidiZing electrode, inter 
fering gases that are more readily oxidiZable than the target 
gas may be converted by oxidation into gases that no longer 
cause cross sensitivity (i.e., into non-interfering compo 
nents). It should be noted that both the nature of the behavior 
of the electrodes and their oxidiZing or reducing poWers may 
be determined and controlled by the voltage Udl-SS. 
Of course only oxidiZable gases that are more easily oxi 

diZable than the target gas may be removed by the procedure 
described. Similarly, the same applies to reducible gases. 

Examples of common gases that may be removed by elec 
trochemical reaction are shoWn in table 1 as folloWs: 
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TABLE 1 

Original gas Converted to 

Reduction of the gas by an electrode via a reducing action 
in the air gap 

N02 NO 
N0 N2 
03 O2 

Oxidation of the gas by an electrode via an oxidizing action 
in the air gap 

HC (Hydrocarbons) H20 and CO2 
Alcohols, ketones, aldehydes H20 and CO2 
H2 H2O 
NH3 N2 and H20 
C0 C02 

The electrochemical reaction of various gas components 
may be induced by an electrochemical ?lter (e. g., the electro 
chemical element 106) by selective application of a voltage of 
given polarity and magnitude thereto. 

Depending on the polarity of the electrodes, this system 
may be used either for the degradative reaction of oxidizing 
gases or for the degradative reaction of reducing gases. The 
magnitude of the voltage to be applied in this case is typically 
between approximately 200 mV and 2 V. 
When using an oxygen ion conductor, the FET gas sensor 

often detects gases with reducing action or CO2. In this case, 
NO2 with oxidizing action that often occurs at the same time 
in the application may lead to distinct interfering reactions in 
many FET gas sensors. However, the reactive NO2 may be 
converted to the usually non-interfering NO according to the 
equation 

by applying a negative voltage to the second electrode 118. 
The NO may also be decomposed with no residue by a stron 
ger negative voltage: 

Gaseous oxygen is formed on the ?rst electrode 116 as a 
counter reaction. 

With reversed polarity, unwanted reducible gases may be 
removed on the ?rst electrode 116, for example according to 
the following equations: 

As a counter reaction on the ?rst electrode 116, the gaseous 
oxygen is taken up. 

By using a proton conductor (e.g., hydrogen ion conduc 
tor): (1) both oxidizable and reducible interfering gases may 
be degraded in a comparable manner; and/or (2) NO2 is 
degraded on second electrode 118 in the presence of hydro 
gen or of another gas including hydrogen (e.g., NH3, CHX, 
etc.), for example by 

As a counter reaction, gaseous hydrogen is taken up as a 
hydrogen ion in the proton conductor at the ?rst electrode 
116. 
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6 
The above reaction may of course be used directly to 

remove hydrogen where the electrodes wired in this way are 
in the gap. Similarly, NH3 or hydrocarbon HC, for example, 
may be oxidized with an oxidizing connection of the ?rst 
electrode 116. 

It should be noted that comparable mechanisms also apply 
to other ion conductors. 

FIG. 2 illustrates another embodiment of a PET gas sensor 
system 200. As set forth above, it may be desirable to limit/ 
reduce the gas infeed into the gas channel 108. By limiting the 
gas infeed to a reduced quantity, the electrochemical ?lter 
may, for example, completely remove/modify the interfering 
gases. Accordingly, an ion conductor 202 having an open pore 
structure ?lls up the entire gas diffusion channel 108 (i.e., 
completely extends between the carrier substrate 102 and the 
silicon chip 104). Thus, in contrast to the sensor 100 in FIG. 
1 where gas ?ows into the gas channel 108 through the gas 
inlet 112, here, gas ?ows through an open-pore structure of 
the ion conductor 202. Similar to the sensor 100 in FIG. 1, the 
?rst electrode 116 is con?gured outside of the gas channel 
108, whereas the second electrode 118 is con?gured in the gas 
channel 108. 

FIG. 3 illustrates another embodiment of a PET gas sensor 
system 300. As illustrated, both the ?rst and the second elec 
trodes 116, 118 are con?gured in the narrow gas diffusion 
channel 108. As a result, both reducing and oxidizing gases 
are decomposed by the electrochemical ?lter 106. The 
decomposition thresholds may be set via the applied potential 
UdZ-SS. Such an arrangement is particularly suitable for selec 
tively detecting inert gases like CO2, for example, that are 
unchanged by the ?lter, with respect to their redox behavior. 

FIG. 4 illustrates another embodiment of a PET gas sensor 
system 400 which combines the characteristics of the sensors 
200, 300 in FIGS. 2 and 3. As illustrated, two electrodes 116, 
118 are diametrically con?gured within the gas channel 108 
such that one is disposed on the carrier substrate 102 and the 
other is disposed on the silicon chip 104. Each electrode 116, 
118 is further con?gured having a relatively large surface area 
such that an exchange between the gas and a surface of each 
electrode 116, 118 may be improved. The porous ion conduc 
tor 202 extends between and around the two electrodes 116, 
118 ?lling the gas channel 108. 

FIG. 5 illustrates one embodiment of the ?rst and the 
second electrodes 116, 118 of FIG. 4 con?gured as annular 
structures. This con?guration allows for a substantially larger 
gas inlet than a structure closed on one side, and thus the gas 
exchange and the response time of the sensor is improved. 
The disclosed electrochemical ?lters may be self-moni 

tored and self-calibrated. For example, the gas infeed may be 
selectively ?ltered and varied by regulating (e.g., by increas 
ing or decreasing) the control voltage Udl-SS applied to the 
electrodes 116, 118. In another example, multiple gases may 
be sequentially measured by continuously increasing the ?l 
tering of the electrochemical ?lter. In still another example, 
baseline variations of the sensor may be el?ciently reduced 
by removing the target gas from the detection area, via the 
electrochemical ?lter, by modulation of the control voltage 
UdZ-SS, and providing an arti?cial zero point. 

In some embodiments, the target gas may be activated by 
the electrochemical ?lter. For example, an undetectable gas 
may be converted into a gas to which the gas-sensitive mate 
rial reacts by modifying it in the electrochemical ?lter as set 
forth above. 
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In alternate embodiments, a PET gas sensor may include a 
multistage electrochemical ?lter (not shown). The multistage 
electrochemical ?lter includes a plurality of ?rst and second 
electrodes in the gas channel. Each electrode may be con 
structed from different materials and/ or be operated at differ 
ent voltages. 

Although the present invention has been illustrated and 
described with respect to several preferred embodiments 
thereof, various changes, omissions and additions to the form 
and detail thereof, may be made therein, without departing 
from the spirit and scope of the invention. 

What is claimed is: 
1. A PET gas sensor having a gas channel for diffusion of a 

gas to be measured to a gas-sensitive layer that is in active 
connection with a ?eld effect transistor for readout of a mea 
surement signal, in which an electrochemical element is at 
least partially located within the gas channel to at least one of 
electrochemically convert interfering gases and activate a 
target gas, where the interfering gases are permeable to the 
target gas. 

2. The gas sensor of claim 1, where the gas channel has an 
air gap that extends between channel insulation of the PET 
and the gas-sensitive layer. 

3. The gas sensor of claim 1, where the electrochemical 
element is positioned in and partially ?lls a cross section of 
the gas channel. 

4. The gas sensor of claim 1, where the electrochemical 
element includes a porous material and is positioned in and 
?lls a cross section of the gas channel. 

5. The gas sensor of claim 1, where the electrochemical 
element comprises an ion conductor and at least two active 
electrodes which receive an external voltage, where the ion 
conductor is positioned between and joins the two electrodes, 
and where at least one of the electrodes is in contact with the 
gas to be measured. 

6. The gas sensor of claim 5, where 
one electrode is positioned in the gas channel to convert the 

interfering gases; and 
the other electrode is positioned outside the gas channel to 

provide a complementary reaction for charge compen 
sation in the ion conductor. 

7. The gas sensor of claim 5, where the ion conductor 
comprises a material capable of withstanding temperatures 
up to approximately 150° C. 

8. The gas sensor of claim 5, where each electrodes com 
prises, at least on a surface thereof, a mechanically stable and 
catalytically active metal. 

9. The gas sensor of claim 5, where the ion conductor is a 
proton conductor. 

10. The gas of claim 1, where the electrochemical element 
has a multistage design. 

11. A method for the selective detection of a target gas in a 
gas mixture to be measured by a ?eld effect transistor with a 
gas-sensitive layer disposed on a carrier substrate, wherein 
the gas mixture to be measured is prepared by an electro 
chemical element such that the measured gas mixture 
includes minimal amounts of interfering gases that interfere 
with the measurement of the target gas, and/or at least one 
target gas is activated such that it is detected by the gas 
sensitive layer. 

12. The method of claim 11, where the electrochemical 
element comprises a plurality of electrodes and an external 
voltage is applied to the electrodes such that one of the elec 
trodes has oxidiZing action and the other electrode has a 
reducing action, where one of the electrodes chosen for 
reducing interfering gases is positioned in a gas channel. 
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13. The method of according to claim 12, where potential 

of the external voltage is varied to match dissociation or 
decomposition thresholds for given gases in the gas mixture. 

14. The method to claim 12, where ?ltering action of the 
electrochemical ?lter element is selectively controlled by 
regulating the external voltage for the self-monitoring or self 
calibration of the electrochemical element. 

15. The method of claim 14, where the target gas is elec 
trochemically converted by the electrochemical element. 

16. A PET gas sensor for detecting a target gas in a gas 
mixture, where the gas mixture includes at least one of an 
interfering non-target gas and an unknown target gas, the 
sensor comprising: 

a gas channel having an inlet, the gas channel extending 
between a carrier substrate and a silicon chip; 

an electrochemical element disposed at least partially in 
the gas channel proximate the inlet, which electrochemi 
cal element at least one of decomposes the interfering 
non-target gas and activates the unknown target gas to 
provide a modi?ed gas mixture; and 

a target gas detector including an ?eld effect transistor and 
a gas-sensitive layer de?ning a gas gap therebetween, 
which target gas detector is disposed in the gas channel 
and detects the target gas in the modi?ed gas mixture. 

17. The sensor of claim 16, where the electrochemical 
element comprises an ion conductor positioned between and 
connected to ?rst and second active electrodes, and where the 
electrodes each receive a control voltage. 

18. The sensor of claim 17, further comprising a power 
source that selectively provides the control voltage to the 
electrodes. 

19. The sensor of claim 17, where 

the ?rst electrode is disposed outside of the gas channel; 
and 

the second electrode is disposed in the gas channel. 
20. The sensor of claim 17, where both the ?rst and the 

second electrodes are disposed in the gas channel. 

21. The sensor of claim 20, where the ?rst electrode is 
disposed on the carrier substrate and the second electrode is 
diametrically disposed on the silicon chip. 

22. The sensor of claim 17, where the electrochemical 
element extends between the carrier substrate and the silicon 
chip in the gas channel. 

23. The sensor of claim 22, where the ion conductor has a 
porous structure that permits gas ?ow from the inlet, through 
the gas channel, to the target gas detector. 

24. The sensor of claim 16, where the electrochemical 
element partially extends between the carrier substrate and 
the silicon chip in the gas channel. 

25. A method for detecting a target gas in a gas mixture, 
where the gas mixture includes at least one of an interfering 
non-target gas and a unknown target gas, the method com 
prising: 

providing a PET gas sensor comprising an inlet between a 
carrier substrate and a silicon chip, an electrochemical 
element and a target gas detector; 

receiving the gas mixture via the inlet; 
modifying the gas mixture via the electrochemical element 

by at least one of decomposing the interfering non-target 
gas into a non-interfering component and activating the 
unknown target gas to provide the target gas; and 

detecting the target gas in the modi?ed gas mixture via the 
target gas detector. 
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26. The method of claim 25, further comprising at least one 
of self-monitoring and self-calibrating the electrochemical 
element. 

27. The method of claim 25, Where the electrochemical 
element comprises an ion conductor disposed betWeen and 
connected to ?rst and second active electrodes, and Where 
each of the electrodes receive a control voltage. 

1 0 
28. The method of claim 27, further comprising controlling 

the electrochemical element by selectively providing the con 
trol voltage to the electrodes. 
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